Background 



The combmation of a lens and a detectoj array is commonly used to give an image 
of a scene on the array. The scene is miged on the detector array and the angular 
extent of the scene that can be imaged i J limited by the angular aperture of the lens 
that gnves adequate resolution, and the si^e of the detector array. Radiation entenng 
more obliquely does not normally fall on the detector array directly and indeed for 
such rays the imagmg capabilitv' of the lens may be impaired. This is illustrated m 
Figure 1 which shows rays from a distant scene fallmg on a lens 1 and. possibly after 
pa^ssmg through a filter 4. form an image on the detector array 2 placed m the focal 
plane of the lens. Rays such as AA' and BB' give nse to elements of an image of 
acceptable qualitv' and the detector array may therefore be placed so that it is 
Illuminated by such rays. More oblique rays such as CC give nse to a distorted 
image of unacceptable quality for the accuracy of imagmg required and fall outside 
the detector array. Rays incident at angles which give nse to acceptable images are 
said to be withm the normal angular aperture of the lens. More oblique illummation 
IS usualK- prevented from fallmg on the arra>- by stops and by blackening the intenor 
of the eqmpment. An arrangement is ;descnbed which utilises these oblique rays so 
that the nomial operation of the array ij enhanced by some sensituaty to more oblique 
Illumination. These oblique rav s coul4 of course be used in combination with a larger 
detector ao'ay covenng the area where rays such as CC approximately converge, but 
the additional expense of employing a larger detector arrav' and a larger aperture filter 
mav be undesirable. The artange4nt to be descnbed can be used when the lens 
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albeit without imaging, outside the portion of the scene which is normallv imaged. No 
such arrangements are required where individual detectors are used to monitor events 
without imaging, as the angular aperture, for example that determined bv a wmdou . can 
be varied at will, and the question of image quality- does not arise. 

One application of the invention arises m the testing of equipment embodvmg a lens and 
detector arrav, often in conjunction with a window. Where detectors are m continuous 
use to monitor events, particularly those required to indicate a fault or alarm condition, 
u ,s desirable to test frequendv the continued operation of the detectors and the cleanliness 
of any window fixed m its housing. For systems where the monitoring uses single 
detectors with no focusing optics, arrangements are known where this monitoring is 
accomplished by mounting withm the detector housing a subsidiary- source of radiation 
withm the wavelength range where the detector ,s sensitive. Radiation is prevented from 
falling directly on the detector bv a suitable shield but emerges through a portion of the 
window and is reflected back through another portaon of the window on to the detector. 
If the wmdow IS blocked or the detector has ceased to operate no signal due to the interna! 
source is received. Partial obscuration or imperfect operation of the detector will result 
m a smaller signal. A class of such arrangements is described m US patent 3952196 
(1976). The incorporation of the source within the housmg, which can be sealed, not only 
,s convenient mechanically but the seal prevents the source itself from coming into contact 
with the air externally and constituting an additional risk of fire or explosion. 

However where an array of detectors i? used with a lens to focus an image of the scene 
on to It. It is desirable to test not only that the wmdow remains clean but also whether 
each element of the arrav continues to operate For this purpose it is necessarv to irradiate 
all the elements (but not necessarily simultaneously) of the detector arrav from the test 
source through the wmdow whilst shielding the elements from direct exposure to the 



scene on .0 u. ,t ,s des.rable ,0 ,es, not only .hat ,he w.ndow remams clean bu, also 
whether each element of the array contrnues ,0 operate. For th,s purpose ,t ,s 
necessarv- to t^adtate all the elements (but not necessanly stmultaneously) of the 
detector a^av from the test scitrrce through the .v,ndo» wh.ls. sh.eldmg the elements 
from dtrect exposure ,0 source of radtatton. As a lens ,s used to focus the 
radratron from the external scL on to Ae detector arTa>- sunple an-angements that are 
used with single detectors ca^ot be used. 

Summarv of the Current Invention 

Tbe present mventton provides radrahon detechon apparatus capable of detectmg and 
locatmg events m a scene under survetllance compnsmg a detector a^ay and a lens 
arranged to prov.de a smgle foeussed .mage of a dtst^t scene on the array, the 
apparatus further comprrsmg a reflector s.tuated between the plane of the array and 
the plane of Ae lens so as to extend the field of v.ew by reflecnng onto the detector 
array radrauon entenng the lens from outstde tire notmally mraged field of v.ew of the 
array-lens combination. 

Preferred features of tire rnventron are deta.led m annexed claims 2 to 28, In 
p^cuto. the reflector may have cyUndncal symmetry about the opfcal ax,s of the 
lens For example, the reflector may be a nght circular cylinder, 

.Advantages of die claimed radianon detector wrll become apparent from the following 
description. 

Embodiments of the inv enrion will now be descnbed by way of example only and 
with reference to the accompany ing drawmgs in which; 



Figure 1 illustrates an arrangement of a lens and detector array; 

Fiiui-e 2 Illustrates schematically a first embodimem of radiation detection apparatus 

according to the invention: and 

Figure 3 illustrates schematically a second embodiment of radiation detection 
apparatus according to the invention. 

General Description 

Figure' 2 shows a similar arrangement of lens 1. detector array 2 and possibly a 
transparem filter 4. to that of Figure 1 but oblique rays, such as CC. from a distant 
point fall on a mirror 3 positioned so that they are/reflected back on to the array, hr 
order to ensure that rays of the same mclmation as CC but outside the plane of the 
paper fall on the array the miiTor 4 will be an annular mirror with the same axis as the 
lens, though exact c>4mdncal symmetry' may not be necessarv-. The cur^^ature of the 
mirror m the plane of the paper determmes which parts of the array are illuminated 
by oblique rays. The Figure illustrates how with a convex mirror 3 oblique 
Illumination by rays such as CC from a point source outside the normally imaged 
scene are reflected onto the airay to form a line of illumination m the plane shown m 
the Figure. If the mirror is a curv ed annular mirror, pomt sources at any azimuthal 
angle situated outside the normalK- miaged scene will give rise to illummation on the 
arrav centred about a line at the corresponding azimuthal angle. It is not alwa> s 
necessar>' for the mirror to have good optical quality and components fabncated from 
bright metal or metallised plastic may suffice. The effect of this arrangement is to 
extend the field of view of the detector array: the field may be divided conceptually 
mto t^vo parts, an inner part where the scene is focused normally, and an outer part 



spec, case5 



where rays from a distant point in the scene illuminate more than one element of the 
detector arrav. The lens detector array combination can be used to detect and locate 
events occurring at mdmdual locations wiihm the normally imaged scene. If an e\ ent 
occurs at an individual location outside the noimally imaged scene, such that an 
arranuement such as that of figure 2 causes it to fall on a number of detectors m the 
array, the arrangement can also be used to detect the event and locate it approximateK' 
in azimuth but not m elevation. The location of elements of the detector array where 
smnals are above a pre-set threshold is determined and well known pattern 
recognition algonthms can be employed to establish that the locations are contiguous 
and lie near a particular azimuthal direction. Suitable detector arrays for use m the 
invention descnbed mclude p\Toelectnc and other thermal detector arrays. Such 
arrays can be sensitive to a wide range of events m the scene including fire and 
intruders, and can be mounted on or form an integral part of a silicon mtegrated 
circuit which is used to interrogate the array. This mtegrated circuit may m mm be 
connected to one or more microprocessors to further analyse the signals. 

This scheme can also be used to test the mtegntv' of the array and the wmdow of its 
housing. It IS ven- desirable that test sources of illumination should not be placed 
within the angular aperture used for imaging as they would shield some of the 
detectors from radiation sources m the scene behind them. A suitable arrangement 
that overcomes this difficult>- is given, by way of exam.ple only, m Figure 3. To 
expound this aspect of the invention it is convenient to assume that the detector 
housing 8 and the optics have circular symmetr\- about a line which is the axis of the 
lens 1 used to focus the radiation from the scene on to the detector an-a\- 2. although 
this need not necessanly be the case. The detector array 2 will generally be square 
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or rectangular, coiresponding to the aspect ratio of the scene in which it is desired to 
monitor events. The lens is situated below a window 5 mounted on and possibK' 
sealed into the housmg 8. .\ filter 4 may be mounted betvveen the lens and the 
detector. ..\ cylindrical opaque shield 7 surrounds the lens and detector array. The 
window however extends outside the shield. Outside the shield is a source or sources 
of light or infrared radiation 6 to which the detector is sensitive and withm the pass 
band of the wmdow. This source of radiation may have circular symmetn- about the 
optical axis, and may be mounted on or form an mtegTal part of a mount 10. The 
shield prevents radiation from the source or sources 6 from falling directly onto the 



arrav. 



In the case of a detector airay proN ided with com.mon mode rejection, the elements 
of the array may be illummated by the test source at different times. For example, the 
source of radiation may be separated into two or more mdependent sections. These 
sections will illummate different sections of the detector array and can be modulated 
independently so that the whole airay may be tested m two or more parts. 

Radiation from the source 6, which may be modulated to distinguish it from radiation 
from the scene, is directed towards a portion 9 of the wmdow 5 and after passing 
through It meets a first annular mirror 1 1. whose axis is the same as the lens axis. 
This mirror. 1 1. is mclmed at an angle of approximately 60 degTees to the optical axis 
of the lens, and reflects the radiation back through the window towards the lens. The 
radiation is refracted by the lens but continues to travel outwards from the axis of the 
lens. It then encounters a second annular mirror 3 whose axis is parallel with the lens 
optical axis, and which reflects it towards the detector array 2. The use of the word 
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mm-or above does not necessanly imply high optical qualit>'. and bright metal rings 
or metallised plastic may be sufficient. Dependent on the F number of the lens, it 
may be desirable to use cur%ed mirrors. Generally, but not exclusively, m an>- section 
through the axis of the lens the first miiTor will be plane or concave, and the second 
mirror will be plane or convex: both mirrors are annular in a plane at right angles to 
the axis of the lens. Such an arrangement whose details are dependent on the F- 
number of the lens, the size of the detector array and other variables m the geometiy. 
is capable of illummatmg the detector array sufficiently unifonnly to allow testing of 
all the elements of the array and the cleanliness of the window. 

Suitable sources for testing the array include discharge tubes, heated filaments and 
light emitting diodes, accordmg to the wave band bemg tested. WTiere it is not 
convement or cost effective to use an annular source, it will often be sufficient to use 
a number of smaller sources arranged round the circumference of a circle. For 
detector arrays operatmg m the region 2-15 ^m, an electncally heated filament may 
be used, or a nng of an electncally heated refractory metal film such as mchrome on 
a glass or ceramic substrate. The source may be placed on the package wmdow. but 
outside the aperture used for Mewmg the external scene. The sources m these 
examples illustrate but do not limit the scope of the mvention. 

While most sources can be directly modulated by an altematmg current, the ease of 
modulation and the fraction of the total power that emerges as modulated radiation 
make certam sources such as light emittmg diodes more appropriate. The refractor>- 
metal film descnbed abose may be more easily modulated if it is on a poorly 
conducting substrate than on a highly conducting substrate. Modulation can also be 
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effected by an external chopper, but such an-angements are less compact, less reliable 
for long-term operation, and less suitable for automatic testmg. 

W-here a detector array is in more or less contiq^ous use. for example m sur^■elllance 
or fire detection, it can be arranged that the'test source is switched on at inter.-als 
under the control of a microprocessor. The additional sigmal from the detectors is 
monitored to ensure correct operation, Discnmmation bet^veen the test radiatron and 
that from the scene bemg viewed is simplified by using a modulated test source. 
Failures or loss of sensitivm- of mdividual detectors may be distinguished from loss 
of transparency of the wmdow or overall loss of detector sensitivit>' by analysis of the 
array output: this can be done by a microprocessor or microprocessors comiected to 
the detector array so that different fault conditions for the equipment can be 
discrimmated. As all the detectors are illuminated by the source, the failure of any 
detector may be seen m analysmg the sigmal from the array when the test source is 
operated. Furthermore if the window becomes partially or completely obscured m 
operation there will be a diminution or absence of the signal from some or all of the 
detectors when the test source is operated. 
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